The relationship of neuropsychological measures of frontal lobe function to age differences in false recall was assessed using the Deese/Roediger-McDermott associative false memory paradigm (Deese, 1959; Roediger & McDermott, 1995) . As other studies have found, older adults were less likely to correctly recall studied items and more likely to falsely recall highly related but nonpresented items than were younger adults. When older adults were divided based on a composite measure of frontal lobe functioning, this age difference was found only for low frontal lobe functioning individuals. High frontal lobe functioning older adults and young adults had equivalent levels of false recall, as well as equivalent levels of veridical recall. These results suggest that age differences in memory may be due to declines in frontal lobe function. More important, our findings indicate that declines in veridical recall and increases in false recall are not an inevitable consequence of aging.
Memory for events is not always veridical. Sometimes a characteristic of an episode is recalled even though it was experienced in a different context, or sometimes even when the information was never experienced at all. Age-related increases in memory distortions and illusions have been reported across a wide set of experimental paradigms (e.g., Cohen & Faulkner, 1989; Dywan & Jacoby, 1990; Koutstaal & Schacter, 1997; Multhaup, De Leonardis, & Johnson, 1999; Rankin & Kausler, 1979) , including the Deese/Roediger-McDermott (DRM) paradigm (Balota et al., 1999; Intons-Peterson, Rocchi, West, McLellan, & Hackney, 1999; Tun, Wingfield, Rosen, & Blanchard, 1998) .
In the DRM paradigm (Deese, 1959; Roediger & McDermott, 1995) , participants are presented with lists of words (e.g., bed, rest, awake, . . .) that share a strong association with a critical theme word (e.g., sleep) that is not presented on the list (Roediger, Watson, McDermott, & Gallo, 2001) . Participants often incorrectly remember the highly associated, but not presented, critical item, typically with high levels of confidence (e.g., Roediger & McDermott, 1995) .
A potential indicator of the underlying cause of the age difference in false memory is that older adults report less difference between the qualitative characteristics of studied and critical items than do young adults. These results suggest that older adults fail to encode or to retrieve itemspecific details for studied items ; see also Intons-Peterson et al., 1999; Koutstaal & Schacter, 1997; Tun et al., 1998) , and this idea is consistent with the literature reporting age-related deficits in source monitoring (e.g., Hashtroudi, Johnson, & Chrosniak, 1990) .
Furthermore, frontal lobe (FL) dysfunction has been implicated as the neurological source of monitoring and attentional control difficulties experienced by older adults (Balota, Dolan, & Duchek, 2000; Raz, 2000) . FL functioning is negatively correlated with older adults' reliance (appropriately or inappropriately) on knowledge of previous choices and stereotype information in making source attributions (Mather & Johnson, 2000; Mather, Johnson, 921 Copyright 2004 Psychonomic Society, Inc.
& De Leonardis, 1999), a type of false recognition. Likewise, an FL patient has been shown to have high false alarm rates to related (but not to unrelated) distractors on a memory test (Curran, Schacter, Norman, & Galluccio, 1997) , and patients with damage to the frontal lobes demonstrate confabulation, the creation of false memories of experiences that never really happened to them (Moscovitch, 1989 ). The considerations above converge on the hypothesis that FL functioning may be critically related to age-related increases in false recall. An initial report failed to find correlations between false recall and performance on digit span, word fluency, and mental control tasks, tests thought to primarily measure frontal functioning (Balota et al., 1999) . However, these tasks may reflect processing in other cortical areas as well, and the reliability of these tasks used individually may not be high enough.
Accordingly, we adopted a more extensive way of assessing FL functioning in older adults. On the basis of Glisky, Polster, and Routhieaux's (1995) factor-analytic work with neuropsychological tests, we assessed frontal function with five tests that have been individually related to FL function. These measures were not related to a second distinct factor composed of measures of item memory; they related instead to medial temporal lobe function. The strength of using a composite measure of FL functioning is that the score reflects the shared variance of the entire set of FL tests. Variance in the composite FL function measure is more likely to reflect variance in cognitive processes specifically associated with the frontal lobes than would variance associated with any individual test score. (See Glisky et al., 1995, for details.) In this study, we used the method of Glisky et al. (1995) to categorize older adults as high or low FL functioning to determine whether FL functioning may contribute to age differences in false memory in the DRM paradigm. If the frontal lobes are responsible for controlling attention and/or source monitoring in such a way that false memories can be distinguished from true memories, then we thought it possible that older adults with low FL function scores would show greater false recall of the nonpresented theme words than both their high-functioning counterparts and younger adults. Such a pattern would represent an important boundary for age-related differences in false memory. The idea tested here is that the increased susceptibility to memory illusions in older adults is carried by those with relatively low frontal function.
METHOD Participants
Eighteen young and 36 older adults participated in this experiment. As can be seen in Table 1 , young adults had fewer years of education [t(52) ϭ 5.64] and lower scores on the Shipley Vocabulary Test (Shipley, 1940) [t(50) ϭ 7.62] than did older adults, indicating that the older adult group was generally high functioning.
Neuropsychological assessments. The five measures used to calculate the composite FL function scores were the number of categories achieved on the modified Wisconsin Card Sorting Test (modified WCST; Hart, Kwentus, Wade, & Taylor, 1988) ; the total number of words generated for the letters F, A, and S on the Controlled Oral Word Association Test (COWAT; Spreen & Benton, 1977) ; the Arithmetic score from the Wechsler Adult Intelligence ScaleRevised (WAIS-R; Wechsler, 1981) ; and the Mental Control and Backward Digit Span scores from the Wechsler Memory Scale-III (Wechsler, 1997) . For each participant, a composite measure of FL function was calculated as the average of age-adjusted z scores on each of the frontal measures. The FL function scores were calculated using an equation that was derived in the same way as has been reported previously (Glisky et al., 1995; Glisky, Rubin, & Davidson, 2001; McDaniel, Glisky, Rubin, Guynn, & Routhieaux, 1999) . The equation that we used was based on a new normative sample tested in E. Glisky's lab (personal communication, October, 2001) . Among the older adult participants, 17 with FL function scores above zero were placed in the high-FL-function group (M ϭ 0.36, range ϭ 0.04 to 1.20) and 19 scoring below zero were placed in the low-FLfunction group (M ϭ Ϫ0.80, range ϭ Ϫ1.43 to Ϫ0.03). 1 Four participants were missing scores on one of the assessments, so in those cases FL function scores were calculated using the four available scores. In addition, 29 older adults had completed the standard version of the WCST (Heaton, Chelune, Talley, Kay, & Curtiss, 1993) a year before this study. Rather than administer the task again under the easier instructions (Hart et al., 1988) , we used the scores from the standard version. To ensure that the increased difficulty of the standard version did not change the classification of the older adults, FL-function scores were calculated with and without the WCST. Three individuals whose FL function classification changed from high to low when the standard WCST was included in the calculation were excluded from the sample. 2 As can be seen in Table 1 , the low-and high-FL-function groups both had a mean of 16.5 years of education. Low-FL-function individuals had lower vocabulary scores than did the high-FL-function group [t(34) ϭ 2.48], but their scores were still higher than those of young adults [t(31) ϭ 5.58]. All the older adults were screened for depression and dementia. Anyone scoring 10 or above on the Geriatric Depression Scale was excluded for possible depression (Brink et al., 1982) . There was a trend toward the low-FL-function group having higher mean depression scores than their higher functioning counterparts [t(34) ϭ 1.73, p ϭ .09]. Anyone scoring 25 or below on the Mini-Mental State Exam was excluded for possible dementia (MMSE; Folstein, Folstein, & McHugh, 1975) . The low-FL-function group had lower scores on the MMSE than did the high-FL-function group [t(34) ϭ 2.63].
Materials
Thirty-six DRM lists of 15 words each were chosen to represent a range of probabilities of false recall of the critical item. Twenty- 
Procedure
Participants were tested in two 2-h sessions that were scheduled 2 weeks apart. In Session 1, in a task unrelated to present purposes, participants first spent an hour performing and imagining simple actions. Then, following the completion of the vocabulary test and a break, participants studied and were tested on the first set of 12 DRM lists. During Session 2, participants spent 30 min completing a memory test for the actions that they had performed during Session 1. Then they were presented with the remaining two sets of DRM lists (each set comprised 12 lists). Following the DRM lists in Session 2, older, but not younger, adults were asked to complete four additional measures-the Geriatric Depression Scale, the Arithmetic subscale from the WAIS-R, the MMSE, and the COWAT-if they had not completed them recently.
In each session, the participants were instructed that they would study a list of words and that after each list, they would be given 2 min to recall the words from the list in any order. They were told that they should only write down words that they were reasonably sure had been presented on the list and that they should not guess. Before beginning the first set of experimental lists, the participants practiced the procedure with a list of 15 U.S. states.
Then the experimental-list testing began. The 15 words in each list were presented visually, one at a time for 2 sec each, in order from strongest to weakest associative strength. Each study list was followed by a recall test for 2 min. A recognition test followed each set of 12 lists. Recognition test performance did not vary significantly by either age or FL function group. Although the direction of group differences in means was the same as for the recall data, to conserve space we do not report the recognition data.
RESULTS
For all analyses, the rejection level for inferring statistical significance was set at .05. Because of time limitations, experimenter error, and fatigue, complete recall data from all three sets of DRM lists were not available for 5 young, 1 low-FL-function, and 2 high-FL-function individuals. When the analyses reported below were performed only with individuals having complete data, the patterns of means and significant effects were identical. In addition, performance across the three sets of DRM lists was analyzed. List set did not interact with age group or FL function group, indicating that the patterns of data reported below were the same in each set of lists. Therefore, we report the results from analyses including all participants collapsed across all sets of lists.
Consistent with previous studies, we found that younger adults were more likely to correctly recall the studied items (.62) than were older adults (.53) [t(52) ϭ 3.25]. In addition, younger adults were less likely to intrude the critical items (.20) than were older adults (.29), with this difference being marginally significant [t(52) ϭ 1.85, p ϭ .07].
Of critical interest was whether the older adults' performance varied according to FL functioning. Recall data are presented in Figure 1 . We first compared correct and false recall by FL function group for older adults. The low-FL-function group was less likely to recall studied words (.47) than was the high-FL-function group (.57) [t(34) ϭ 4.04] and was also more likely to intrude critical items (.35) than was the high-FL-function group (.23) [t(34) ϭ 2.38]. These results were reflected in a significant correlation between FL function scores and correct recall (.52) and in a trend toward a negative correlation between FL function scores and false recall (Ϫ.29, p ϭ .08).
Remarkably, the performance of the high-FL-function older adults was no different from that of the younger adults. Analyses confirmed this impression: There were no significant differences between the younger and high-FL-function older adults when we compared veridical recall (.62 and .57, respectively) Intrusions of noncritical items during recall were also examined. Note that these data are mean numbers of intrusions per list, not proportions. Although the pattern for incorrect recall of noncritical items was similar to that found for the critical items, the mean number of intrusions per list was not significantly different for younger (0.21) and older (0.32) adults [t (52) 
DISCUSSION
Older adults were more likely to incorrectly recall critical items than were younger adults even though they had lower levels or veridical recall, replicating research by others (Balota et al., 1999; Intons-Peterson et al., 1999; Tun et al., 1998) . The present investigation reveals that this pattern holds only for older adults who perform poorly on a battery of tests that have been related to FL function. The performance of high-FL-function older adults in our study was indistinguishable from the performance of younger adults. Not only did the high-FL-function older adults incorrectly recall critical items at the same level as the younger adults did, they also had levels of correct recall that were comparable to those of younger adults.
Although researchers have speculated that FL functioning may be related to age-related exaggeration of false memory, this is the first report establishing a significant relationship between performance on neuropsychological tests of FL functioning and false recall. Previous attempts to correlate FL function and false memory may have been hindered by the low reliability of individual measures of FL functioning (e.g., Balota et al., 1999) . Similarly, only one of our five frontal measures correlated significantly with false recall (Arithmetic, r ϭ Ϫ.40); the remaining four did not (WCST, r ϭ Ϫ.14; COWAT, r ϭ Ϫ.10; Backward Digit Span, r ϭ Ϫ.18; Mental Control, r ϭ Ϫ.30). Using several neuropsychological tests to derive a composite measure of FL functioning produced a measure of FL functioning that was more sensitive to variations in false recall. The present support for frontal involvement in false memory is indirect, however, because it rests on the assumption that the FL function score is reflective of the functioning of the frontal lobes. Still, in a result converging on this assumption and the present recall findings, Curran, Schacter, Johnson, and Spinks (2001) found that late, frontal memory-related event-related potential activity in young adults was associated with better discrimination of the critical and studied items on a recognition test.
Our results parallel a finding in another false memory paradigm that used a cued recall procedure with categorized lists. Using the same composite measure of FL functioning to compare high-and low-FL-function older adults with younger adults, Meade and Roediger (2002) found an age difference in the false recollection of critical items for low-, but not for high-FL-function older adults. Taken in concert with the present findings, these results provide a foundation for the view that older adults are more likely to produce false memories because of declines in FL functioning (Balota et al., 1999; .
Contrary to the reports of Glisky and colleagues (Glisky et al., 1995; Glisky et al., 2001) , we found that veridical recall was associated with FL function scores. Possibly our sample of high-FL-function older adults may have also scored well on tests of item memory associated with medial temporal lobe (MTL) functioning. To inform this possibility, we computed MTL function scores (Glisky et al., 1995) on the basis of standardized memory test scores available for 9 low-and 13 high-FL-function older adults from our sample. These subgroups still differed on measures of veridical and false recall (average correct recall of .44 and .58 and false recall of .35 and .23, respectively, for low-and high-FL-function groups). However, the difference between the average MTL scores of the low-(Ϫ0.508) and high-(Ϫ0.055) FL-function groups was not significant [t(20) ϭ Ϫ1.36]. In addition, both FL function groups had below-average MTL scores, suggesting that differences between the groups in MTL function are not the cause of differences in veridical recall. A more likely explanation for the relationship between FL function scores and veridical recall is that strategic processes in the frontal lobes aid in remembering lists of associated words (cf. Shimamura, 1995) , whereas Glisky's studies used forced choice recognition of sentences as the item-memory task.
Our research also suggests that within a relatively high-frontal-function subgroup of older adults, age differences in both veridical and false recall are not substantial, at least in the immediate recall of lists of related words. Thus, declines in recall for older adults may be less widespread than is commonly accepted (Craik & Jennings, 1992) . It must be borne in mind that although there were no behavioral differences between the younger and the high-FL-function older adults in this study, the lack of behavioral differences does not necessarily translate into the same neurological functioning. Several neuroimaging studies have shown that older adults who were equated with young adults on behavioral measures, such as working memory and source memory performance, nonetheless recruited different areas of the brain during task performance (Cabeza, Anderson, Locantore, & McIntosh, 2002 ; for a brief review, see Reuter-Lorenz, 2002) . These findings suggest that what distinguishes highfrom low-performing older adults is not necessarily the absence of age-related decline, but rather the ability of the high-performing group to compensate for age-related changes in neurological functioning (Cabeza et al., 2002; Reuter-Lorenz, 2002) .
Although poorer veridical recall and increased false recall are consistent findings in the aging literature, we identified a group of older adults who performed like younger adults in both veridical and false recall. These individuals scored well on a group of tests associated with FL function that measure working memory and executive control processes. Older adults that score well on this battery are also better at source monitoring (Glisky et al., 1995; Glisky et al., 2001; Henkel, Johnson, & De Leonardis, 1998) and less reliant on stereotype information (Mather et al., 1999) , suggesting that declines in frontally mediated cognitive processes, such as source monitoring and strategic processing, play a prominent role in age-related deficits in false memory.
NOTES
1. The healthy, community-dwelling older adults that we have administered these neuropsychological assessments to are more likely to be classified as low than as high FL functioning, indicating that our older adult sample is lower functioning on average than Glisky's normative sample, in which half are classified as having high FL function. To date, the 289 older adults we have tested at the University of New Mexico and Washington University using these neuropsychological assessments have a mean FL function score of Ϫ.338 and only 86 of the 289 are high FL functioning, i.e., have FL function scores greater than .03.
2. Young adults were not administered this battery of assessments because this method has not been validated in young adults, and we did not have the resources to do so ourselves. In addition, it is unlikely that this battery of tasks would be sensitive to individual differences in FL functioning in young adults. Although COWAT, Mental Control, and Arithmetic performance can be as variable in young as in older adults, performance on the modified WCST is at ceiling for young adults (Cabeza, Anderson, Locantore, & McIntosh, 2002 
